The oxidation kinetics for Ni(111) surface and the structure of the oxide layers grown at room temperature were analyzed by high-resolution medium energy ion scattering using isotopically . In this study, we clearly evidence that Ni ions are transported to the surface and oxidation takes place at the top surface.
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We prepared the clean surface of a single crystal Ni(111) by repetition of sputtering with 0.75 keV Ar + and annealing at 650°C under ultra-high vacuum (UHV) condition. The RHEED observation showed a clear (1×1) pattern (see Fig. 1 Fig.1(b) ) indicating oxygen chemisorption [8] [9] [10] . The
NiO(111) phase starts to grow for O 2 exposure above 10 L (see Fig.1(c) ) and oxidation was saturated at O 2 -exposure of 160 L. As seen from the RHEED pattern( Fig.1(d from O and Ni atoms on top surface. The solid curves are the simulated MEIS spectra best-fitted to the observed ones assuming the elemental depth profiles, which are indicated in Fig. 2 (b) .
In order to analyze the fine structure of the top surface, we performed the MEIS analysis taking a glancing emergence geometry, where 120 keV He + ions were incident along the [001] axis and backscattered to 85.0° with respect to surface normal. Figure 3 shows the MEIS spectra, in which the scattering component from each atomic layer is clearly resolved. Next, we analyzed the oxidation kinetics using isotopically labeled layer is estimated to be 3.1 atomic layers. According to the Cabrera-Mott model 13 , for a thin oxide film (less than 3 nm), electrons tunnel from a metal to an adsorbed oxygen atom through a dielectric film (oxide film) in order to equalize the electrochemical potential. This creates an electric field across the oxide film, which in turn allows metal ion transport to the top surface. A dissolved Ni + ion jumps to the oxide layer against a potential barrier (W) and then drifts to the top surface. The drift velocity u is limited by the barrier height and thus expressed by
where N, Ω, ν, k B , and T are the areal density of the dissolved Ni 
where X L is a constant (2 nm for oxidation of Ni In summary, the oxidation kinetics for Ni(111) surface and the structure of the oxide layers grown epitaxially at RT were analyzed by high-resolution MEIS using isotopically labeled 
